The problem of MHD free convection flow with a parabolic starting motion of an infinite isothermal vertical plate in the presence of thermal radiation and chemical reaction has been examined in detail in this paper. The fluid considered here is a gray, absorbing emitting radiation but a non-scattering medium. The dimensionless governing coupled linear partial differential equations are solved using the Laplace transform technique. A parametric study is performed to illustrate the influence of the radiation parameter, magnetic parameter, chemical reaction parameter, thermal Grashof number, mass Grashof number, Schmidt number and time on the velocity, temperature, concentration. The results are discussed graphically and qualitatively. The numerical results reveal that the radiation induces a rise in both the velocity and temperature, and a decrease in the concentration. The model finds applications in solar energy collection systems, geophysics and astrophysics, aerospace and also in the design of high temperature chemical process systems.
Introduction
In nature, there exist flows which are caused not only by the temperature differences but also the concentration differences. These mass transfer differences do affect the rate of heat transfer. In industries, many transport processes exist in which heat and mass transfer takes place simultaneously as a result of combined buoyancy effect in the presence of thermal radiation. Hence, radiative heat and mass transfer play an important role in manufacturing industries for the design of fins, steel rolling, nuclear power plants, gas turbines and various propulsion devices for aircraft, missiles, satellites, combustion and furnace design, materials processing, energy utilization, temperature measurements, remote sensing for astronomy and space exploration, food processing and cryogenic engineering, as well as numerous agricultural, health and military applications. If the temperature of the surrounding fluid is rather high, radiation effects play an important role and this situation does exist in space technology.
The study of magneto hydro-dynamics with mass and heat transfer in the presence of radiation and diffusion has attracted the attention of a large number of scholars due to diverse applications. In astrophysics and geophysics, it is applied to study the stellar and solar structures, radio propagation through the ionosphere, etc. In engineering we find its applications in MHD pumps, MHD bearings, etc. The phenomenon of mass transfer is also very common in the theory of stellar structure and observable effects are detectable on the solar surface. In power engineering, the thermal physics of hydro magnetic problems with mass transfer have enormous applications. Radiative flows are encountered in many industrial and environment processes, e.g., heating and cooling chambers, fossil fuel combustion energy processes, evaporation from large open water reservoirs, astrophysical flows, and solar power technology and space vehicle re-entry. On the other hand, hydro magnetic free convective flows with heat and mass transfer through a porous medium have many important applications such as oil and gas production, geothermal energy, cereal grain storage, in chemical engineering for filtration and purification process, in agriculture engineering to study the underground water resources and porous insulation. In view of these applications, the unsteady magneto hydrodynamic incompressible viscous flows past an infinite vertical plate thorough a porous medium have received much attention.
The study of heat and mass transfer problems with chemical reaction is of great practical importance to engineers and scientists because of its almost universal occurrence in many branches of science and engineering. A few representative fields of interest in which combined heat and mass transfer along with chemical reaction play an important role are found in chemical process industries such as food processing and polymer production. Chambre Gupta et al. [5] studied free convection effects on flow past a linearly accelerated vertical plate in the presence of viscous dissipative heat using the perturbation method. Kafousias and Raptis [6] extended this problem to include mass transfer effects subjected to variable suction or injection. Free convection effects on flow past an exponentially accelerated vertical plate was studied by Singh and Kumar [7] . The skin friction for an accelerated vertical plate was studied analytically by Hossain and Shayo [8] . Jha et al. [9] analyzed mass transfer effects on an exponentially accelerated infinite vertical plate with constant heat flux and uniform mass diffusion. Recently, Muthucumaraswamy et al. [10] studied mass transfer effects on an exponentially accelerated isothermal vertical plate. Soundalgekar and Takhar [11] considered the radiative free convective flow of an optically thin gray-gas past a semi-infinite vertical plate. Radiation effects on mixed convection along an isothermal vertical plate were studied by Hossain and Takhar [12] . The governing equations were solved analytically. Das et al. [13] analyzed radiation effects on flow past an impulsively started infinite isothermal vertical plate. The governing equations were solved by the Laplace transform technique. Muthucumaraswamy and Janakiraman [14] studied MHD and radiation effects on a moving isothermal vertical plate with variable mass diffusion.
It is proposed to study the effects of MHD flow with a parabolic starting motion of a infinite isothermal vertical plate in the presence of thermal radiation and chemical reaction. The dimensionless governing equations are solved using the Laplace transform technique. The solutions are in terms of exponential and complementary error function
Mathematical analysis
The unsteady flow of a viscous incompressible fluid with a parabolic started motion of an infinite isothermal vertical plate in the presence of thermal radiation and chemical reaction of first order has been considered. The x -axis is taken along the plate in the vertically upward direction and the y -axis is taken normal to the plate. At time t 0   , the plate and fluid are at the same temperature  T and concentration   C .
At time t 0   , the plate is started with a velocity 2 0 u u t  in its own plane against the gravitational field.
The temperature from the plate is raised to w T and the concentration level near the plate are also raised to w C . A chemically reactive species which transforms according to a simple reaction involving the concentration is emitted from the plate and diffuses into the fluid. The plate is also subjected to a uniform magnetic field of strength 0 B which is assumed to be applied normal to the plate. The reaction is assumed to take place entirely in the stream. Then under usual Boussinesq's approximation the unsteady parabolic starting motion is governed by the following equations
With the following initial and boundary conditions
The local radiant for the case of an optically thin gray gas is expressed by
It is assumed that the temperature differences within the flow are sufficiently small such that 
On introducing the following non-dimensional quantities
Eqs (2.1), (2.3) and (2.7) reduce to the following dimensionless form Gr Gc
The corresponding initial and boundary conditions in a dimensionless form are as follows
The dimensionless governing Eqs (2.9) to (2.11) and the corresponding initial and boundary conditions (2.12) are tackled using the Laplace transform technique. 
Discussion of results
To interpret the results for a better understanding of the problem, numerical computations are carried out for different physical parameters K, R, M, t, Sc, and Gr, Gc, upon the nature of the flow and transport. The value of the Schmidt number Sc is taken to be 0.6 which corresponds to water-vapor. The value of the Prandtl number Pr is chosen such that it represents air (Pr = 0.71).The numerical values of the velocity, temperature and concentration are computed for the above mentioned parameters.
The Figure 3 illustrates the effects of the magnetic field parameter on velocity when (M = 2, 4,7), R=K=10, Gr=2, Gc=5 and t = 0.4. It is observed that velocity increases with decreasing values of the magnetic field parameter. This shows that the increase in the magnetic field parameter leads to a fall in velocity. This agrees with the expectations, since the magnetic field exerts a retarding force on the free convective flow. Figure 4 demonstrates the effects of the radiation parameter on velocity when ( R = 5, 10, 15 ), M = 2, K=2, Gr = Gc = 5 and t = 0.2 . It is observed that velocity increases with the decreasing thermal radiation parameter. The trend shows that velocity is suppressed due to higher thermal radiation. 
Concluding remarks

